INTRODUCTION
This paper investigates the detrital zircon composition of Pennsylvanian and Permian sandstones of the northern U.S. Rocky Mountains, from the Wyoming craton on the east and the western Cordilleran thrust belt on the west (Figs. 1 and 2). The main objective is to describe the detrital zircon provenance of the Upper Paleozoic sandstones. In doing so, we test the predictions of Geslin (1998) that the Pennsylvanian and Permian Wood River Formation of south-central Idaho has shared provenance with the eolian and shallow-marine Tensleep and Weber Sandstones of Wyoming, northern Utah, and northwestern Colorado. The implications of this similarity are that Pennsylvanian Laurentia was blanketed by sand grains sourced from the Appalachian Orogen, with subordinate local provenance from the Ancestral Rocky Mountains and within the western Cordillera.
After the early Cambrian appearance of the Transcontinental Arch, which blocked transport of sand grains from eastern Laurentia, detrital zircon age populations in western North America show eastern and southern derivation from the Paleoproterozoic and Mesoproterozoic (1800-1650 and 1500-1400 Ma, respectively) YavapaiMazatzal provinces in Cambrian and Devonian time and the Paleoproterozoic (>1800 Ma) Peace River Arch in Alberta, Canada, in Ordovician time (Ketner, 1968; Smith and Gehrels, 1994; Gehrels et al., 1995; Balgord et al., 2013; May et al., 2013; Gehrels and Pecha, 2014; Yonkee et al., 2014) . After the Late Devonian, 1250-950 Ma detrital zircons from the complex Grenville Orogen are present in sandstones of the thrust belt, having been recycled through the Appalachian (e.g., Gehrels et al., 2011) and/or Ellesmerian-Caledonian orogenic belts (e.g., Patchett et al., 1999 Patchett et al., , 2004 Beranek et al., 2010) . A major sediment dispersal network originating from the Appalachian, Ellesmerian, and Caledonian mountain belts directed siliciclastic sediment to the west and south across the North American craton from mid-to late Paleozoic time, with regional eolian transport and winnowing (e.g., Patchett et al., 1999 Patchett et al., , 2004 Gehrels et al., 2011) . Fluvial and shoreface Pennsylvanian sandstones of the Colorado Plateau contain subequal proportions of 1800-1400 Ma detrital zircons derived from the Ancestral Rocky Mountains, 1250-950 Ma "Grenvillian" zircons derived from the Appalachian mountain belt, and 465-410 Ma Paleozoic detrital zircons from various magmatic arc sources (Gehrels et al., 2011) .
We use U-Pb detrital zircon provenance analyses to test whether the Pennsylvanian and Lower Permian Wood River Basin-located west of the Pioneer Thrust Fault, the westernmost of several thrusts in east-and south-central Idaho-has similar provenance to the cratonal Tensleep and Weber Sandstones. This paper clarifies existing models for the paleogeographic setting of western North America after the Late Devonian-Early Mississippian Antler Orogeny, and it provides a regional framework 
GEOLOGIC SETTING Wood River Basin
Middle Pennsylvanian to Lower Permian rocks of the Sun Valley Group (Wood River, Grand Prize, and carbonaceous Dollarhide Formations) are found west of the Pioneer thrust fault in the western part of the south-central Idaho thrust belt (Dover, 1980; Rodgers et al., 1995; Skipp et al., 2009) . East of the Pioneer thrust, the Pennsylvanian and Permian Snaky Canyon Formation (Fig. 2) is broadly correlative to the Sun Valley Group. South of the Snake River Plain, the Oquirrh Group represents part of the same system of post-Antler basins (Geslin, 1998) .
The Wood River Formation (Fig. 2) contains the Middle and Upper Pennsylvanian Hailey Member composed of shallow-marine conglomerate, overlying limestone bioherms, and upper shallow-marine sandstone. The formation also contains about 3,000 m of upward coarsening and then fining mixed carbonate-siliciclastic turbidites of the Upper Pennsylvanian to Lower Permian Eagle Creek and Wilson Creek Members (Mahoney et al., 1991; Link et al., 1995 subrounded to rounded, texturally mature quartz, although up to 10% feldspar is locally present.
Wyoming Craton Eolianites
Middle and Upper Pennsylvanian eolian sandstones are recognized across much of interior western North America (Hoare and Burgess, 1960; Verille et al., 1970) . They include the Tensleep Sandstone in Wyoming and Weber Sandstone in southeast Wyoming, northern Colorado, and Utah (Fig. 2) . These units are temporally correlative to eolianites including the Quadrant Quartzite of Montana and the lower Casper Formation of eastern Wyoming. They are predominantly wellsorted, texturally mature quartzose (80 -90% quartz) sandstones with subordinate potassium feldspar. They show abundant cross-stratification of predominantly eolian origin (see Fig. 3A -B) . Both eolian and shallow-marine facies are recognized (e.g., Mallory, 1967) , and deposition is interpreted to have occurred in a sabkha-coastal dune environment (e.g., Mallory, 1967; Mankiewicz and Steidtmann, 1979) .
Eolian transport during Middle to Late Pennsylvanian time was predominantly to the southsoutheast across much of Wyoming and northern Utah/Colorado (e.g., Knight, 1929 [data from the Casper Sandstone]; Opdyke and Runcorn, 1960; Kerr and Dott, 1988) . Similar paleo-wind transport directions are reported from Pennsylvanian eolianites in Montana to the north (Quadrant Sandstone). These units represent deposits from consistent, lowlatitude trade winds (e.g., Opdyke and Runcorn, 1960; Peterson, 1988) .
DETRITAL ZIRCON ANALYSES Methods
Detrital zircons were separated from samples of fine-to coarse-grained sandstone. Locations are shown in Table 1 and Figure 1 , stratigraphic locations are shown in Figure 2 , and photos are shown in Figure 3 . We used conventional crushing, grinding, wet shaking table, heavy liquid, and magnetic separation (1.5 amperes) techniques. Detrital zircon samples (100 grains) were analyzed by laser ablationinductively coupled plasma-mass spectrometry methods at the Arizona LaserChron Center using methods described by . Full analytical results are provided in the Data Repository table (Table DR 1 ). Statistical overlap, similarity, and Kolmogorov-Smirnov (K-S) comparison tests (Gehrels, 2000; Guynn and Gehrels, 2010) are shown in Table 2 and are discussed below. U-Pb detrital zircon ages are presented in 1) relative probability-frequency plots with histograms (Fig. 4) ; 2) a cumulative-frequency plot (Fig. 5) ; and 3) relative probability-frequency plots as lumped probabilitydensity curves (Fig. 6 ). These were prepared with software from the Arizona LaserChron Center and the Isoplot/Ex 3.0 macro of Ludwig (2003) . Analyses with high error (>10% uncertainty in 206 Pb/ 238 U or 206 Pb/ 207 Pb age) or excessive discordance (>20% discordant or >5% reverse discordant) were rejected and not included in the relative probability plots. In most cases, these represent less than 10% of the analyses.
Results

Wood River Formation
Middle Pennsylvanian medium-grained sandstone near the top of the Hailey Member (Sample A, 01PL12, n=79 grains, Figs. 1, 4, and 5) contains moderately rounded zircon grains 50 to 150 microns in diameter, of variable brown, pink, purple, and clear colors. No euhedral grains were observed. A six-grain Silurian peak at 429 ± 2 Ma is present and also found in several other samples. This age-peak is interesting since it suggests a Paleozoic magmatic source. There are two three-grain CryogenianEdiacaran peaks at 648 ± 8 and 566 ± 2 Ma, which are unique in samples we examined. There are dispersed late Paleoproterozoic (1735 and 1630 Ma) and Grenville-age (1150 and 1040 Ma) peaks. There is a major population of grains 2000-1800 Ma, which comprises 30% of the zircons present. There are peaks at 1918 ± 3 Ma (five grains) and 1841 ± 2 Ma (nine grains).
Two samples (Sample B, 04TD10, n=95; and Sample C, 14TD10, n=90) of the Virgilian to Wolfcampian Eagle Creek Member are mediumgrained quartz arenites (Diedesch, 2011) . Zircon grains are 50 to 100 microns in diameter, are clear, pink and brown, and are moderately rounded. None are euhedral. Both of these samples contain a 425 Ma age-peak (five grains in each sample). They also contain a broad distribution of Neoarchean (2700-2500 Ma) and Proterozoic (2000-1400 Ma and 1200-950 Ma) zircons (Figs. 4 and 5) . Sample B has a six-grain peak at 1788 ± 3 Ma. Sample C has a nine-grain peak at 1751 ± 4 Ma and a three-grain peak at 1816 ± 9 Ma. 
Statistical Comparisons
Statistical comparisons of the seven samples analyzed are shown in Table 2 . The overlapsimilarity tests compare the presence and size of various grain-age populations (Gehrels, 2000 The K-S compa rison tests whet her t wo distributions could have been taken at random from the same distribution of grain ages (Guynn and Gehrels, 2010) . Samples with a p-value <0.05 fail this test, and the probability that they were not drawn from the same pool is 95%. The K-S results show that nearly all samples could have been derived from random picking of the same source ( Table 2 ). The five sample pairs that fail the K-S test (shown in normal vs. bold type on the bottom three lines of Eagle Creek Member Sample C and Tensleep Sandstone Sample E also fail the K-S test, likely due to the abundance of Archean grains in the second Eagle Creek Sample C.
DISCUSSION
Our detrital-zircon data are generally similar to those from the Pennsylvanian Tensleep Sandstone in the Bighorn Basin, northwest Wyoming (May et al., 2013) , and Spray Lakes Group of southern British Columbia, Canada (Gehrels and Pecha, 2014 ). This suggests a huge (third order of Ingersoll et al., 1993) sand-dispersal system. This Pennsylvanian Laurentian sand blanket contains Archean grains 2800-2500 Ma, Paleoproterozoic grains 1800-1600 Ma, Grenville-age grains 1250-950 Ma, and Ordovician and Silurian grains 445-425 Ma. All sandstone samples that we discuss display this mixed Laurentian derivation (provenance arrow 1 on Fig. 1 ). This basin drained the Appalachian mountain belt to the north and east and contained areas of eolian recycling (Soreghan and Soreghan, 2013) . This eolian system was the precursor to a Permian big river carrying grains westward from It is not clear whether the ultimate source of this sand blanket was the central Appalachians or coeval mountain belts to the north in northern Canada. The differences between these provenance areas is more subtle than we would like, as age provinces in the East Greenland and Canadian Appalachians and the Ellesmerian orogenic belt in the Canadian Arctic broadly match those in the central Appalachians.
The possibility that the Grenville-age grains are recycled from the Neoproterozoic Brigham Group of southeast Idaho is rejected because there are thick Cambrian and younger strata overlying the group (Yonkee et al., 2014) , rather than an unconformity to Permian rocks, as would be expected if it had been uplifted in Pennsylvanian time.
In detail, the data contain age populations that, when combined with geologic constraints, provide provenance information about specific Pennsylvanian sandstones. The Hailey and Wilson Creek Members of the Wood River Formation (samples A and D, respectively) have more Neoproterozoic and Paleozoic grains than the other samples, as best seen on the cumulative-frequency plot (Fig. 5) . The Hailey Member yields 648 Ma (Cryogenian), 566 Ma (Ediacaran), and 429 Ma (Silurian) grain-populations.
T he H a i le y Memb er h a s a si g n i f ic a nt percentage of Paleoproterozoic grains older than 1800 Ma. This age-grouping is characteristic of the Peace River Arch in Alberta, Canada, and is found in Ordovician quartzites of Idaho (Link et al., 2011) . It is also found in the Mississippian Copper Basin Group (Fig. 2) , suggesting recycling from those Ordovician quartzites (Link et al., 1996) . The provenance for the Hailey Member can be interpreted to contain three components: 1) the regional Laurentian sand blanket, 2) local reworking of the Mississippian Copper Basin Group with its contribution of >1800 Ma grains (Fig. 2) , and 3) undetermined western Cordilleran sources of Paleozoic magmatic grains (Link et al., 2011) . These three provenance areas are shown as numbers 1, 3, and 4 on Figure 1 .
The Hailey Member (Sample A) has 11 grains and the Wilson Creek Member (Sample D) has nine grains between 500 and 400 Ma, with groupings at 487 and 422 Ma. Further study of the ages and isotopic composition of these Paleozoic zircons may demonstrate linkages with magmatic rocks of the western Cordillera. One candidate is 570 Ma synrift volcanic rocks in southern British Columbia (Colpron et al., 2002) . Another more local source (included in arrow 3 on Fig. 1 ) is 650-500 Ma alkaline intrusive rocks in the Big Creek-Beaverhead plutonic belt of east-central Idaho (Lund, 2008; Lund et al., 2010) . Table 2 . Statistical overlap, similarity, and K-S comparisons between samples, using the Excel macros of the Arizona LaserChron Center website. Another possible provenance for the Paleozoic grains is the Klamath Mountains of northwest California and southwest Oregon (provenance area 4 on Fig. 1 ). The area is primarily underlain by the eastern Klamath terrane, comprising variably deformed and metamorphosed rocks of the Yreka Figure 6 Age (Ma) 0 500 1000 1500 2000 3000 2500 3500 4000
and Trinity subterranes (e.g., Lindsley-Griffin et al., 2006 (Wallin et al., 1988; Grove et al., 2008) . Lower to Middle Devonian metaclastic units of Yreka subterrane yield abundant 470-380 Ma detrital zircons, with resolved age peaks around 430, 420, and 400 Ma (Grove et al., 2008) . These early Paleozoic-age populations are mixed with 635-540 Ma distributions and a cratonal provenance defined by 2000-1000 Ma detrital zircons, including 1610-1490 Ma constituents that correspond to the so-called North American magmatic gap (Grove et al., 2008) . Colpron and Nelson (2009) argued for the Yreka subterrane to be broadly associated with the Late Devonian-Early Mississippian Antler orogenic b elt in southern Idaho and Nevada. Link et al. (2011) attributed early Paleozoic detrital zircon populations in the Upper Devonian Milligen Formation to a western source from the Yreka subterrane. It is possible that some early Paleozoic detrital zircons in, at least, the Hailey Member of the Wood River Formation were recycled from the underlying Milligen Formation.
The two Eagle Creek Member samples (B and C) and the Tensleep Sandstone sample (E) are similar, with subequal amounts of Paleo-and Mesoproterozoic grains. The Paleoproterozoic ages are mainly less than 1800 Ma, consistent with ages in the mid-continent Paleoproterozoic province. This age distribution is comparable to those in the eolian Tensleep Sandstone of the Bighorn Basin (May et al., 2013) (Fig. 6) . The Eagle Creek and Tensleep samples represent the regional Laurentian sand blanket, without significant local contributions.
The two Weber Sandstone samples (F and G) have a significant 1700-1650 Ma grain-component (over 15 grains in each sample), consistent with their derivation partly from the adjacent Yavapai-Mazatzal provinces, uplifted as part of the Ancestral Rocky Mountains (provenance arrow 2 on Fig. 1 ). As such, they are distinct from the Tensleep Sandstone from western Wyoming's Sinks Canyon, and they display both the continental Laurentian provenance and the southern Yavapai-Mazatzal provinces. This suggests that the Ancestral Rocky Mountains were exposed and providing detrital zircons northward in Late Pennsylvanian time. In Pennsylvanian sandstones of New Mexico, Soreghan and Soreghan (2013) found that most of the sand came from the southern Appalachian system to the east and south.
CONCLUSIONS
We conclude that a continental-scale system (arrow 1 on Fig. 1 ) transported most of the sand grains in the Wood River Formation and Tensleep Sandstone. In addition to this regional sand blanket, the Weber Sandstone of the north flank of the Uinta Mountains had a significant input of 1700-1650 Ma zircon grains from the Yavapai-Mazatzal provinces in northwest Colorado (arrow 2 on Fig. 1) . The Hailey Member of the Wood River Formation contains two other components: the larger component is >1800 Ma reworked zircons from the Copper Basin Group (arrow 3 on Fig. 1) , and the smaller component is Cryogenian to Ediacaran grains that may have a western Cordilleran provenance (arrow 4 on Fig. 1) .
We interpret most of the late MesoproterozoicNeoproterozoic grains in these sandstones to have an ultimate source from the Grenville Province of eastern North America, recycled during early to midPaleozoic plate convergence and mountain building. Early Paleozoic detrital zircons that form minorbut consistent-populations are derived from some as yet undecipherable mix of magmatic arc rocks of the Appalachian, Caledonian, and Ellesmerian Figure 6 , (facing page). Lumped and stacked probabilitydensity plots with no histograms. Samples B and C (Eagle Creek Member) and samples F and G (Weber Sandstone) are lumped. Lumped data of three Tensleep Sandstone samples of May et al. (2013) are shown, plotted above the lumped Weber Sandstone. They resemble the Eagle Creek and Tensleep distributions. Lumped data from the Pennsylvanian Spray Lakes Group in southern British Columbia, Canada, from Gehrels and Pecha (2014) , are plotted at the top of the diagram and generally contain the same groupings. There appear to be three provenance inputs: 1) the general LaurentianAppalachian signature of the Eagle Creek Member of the Wood River Formation and Tensleep Sandstone, 2) local Yavapai-Mazatzal 1700-1650 Ma influence on the Weber Sandstone, and 3) Cryogenian-, Ediacaran-, and Cambrianage grains in the Hailey and Wilson Creek Members of the Wood River Formation, which have possible sources in eastcentral Idaho or to the west and north within exotic terranes. orogenic belts along the plate margins of northern and eastern North America.
We note that the overlap, similarity, and K-S statistical comparisons of the data do not, in general, reveal the same differences interpreted from visual inspection of the probability-frequency and cumulative-frequency plots. Nor do these statistical tests-in particular, the overlap-similarity values versus the K-S values-necessarily agree with each other in terms of which samples are clearly different.
